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Abstract. The scientific career of Michael Rycroft (born in 1938) spans the space age, during which signifi-
cant changes have occurred in how scientists work, experiment, and interact. Here, as part of his 80th birthday
celebrations, we review his career to date in terms of the social and structural changes in collaborative interna-
tional science. His contributions to research, teaching, and management across solar–terrestrial and ionospheric
physics as well as atmospheric and space science are also discussed.
1 Introduction
The 20th century saw the nature of a career in scientific re-
search change profoundly. In its second half, the physical
sciences moved towards a more collaborative model with
less emphasis on the individual, through more team working
and the use of large shared facilities. In particle physics, the
post-war development of the European Organization for Nu-
clear Research (CERN) particularly exemplifies this shared
and distributed model of working. In atmospheric science,
institutions such as the Met Office and the British Antarctic
Survey as well as some university departments provided in-
frastructure to link measurement, modelling, and analysis. In
space science, a combination of university departments and
national or international entities, such as the European Space
Agency (ESA) and the National Aeronautics and Space Ad-
ministration (NASA), underpinned the development of satel-
lite technology and planetary missions. As these develop-
ments occurred, the role and expectations of the scientist
also changed, and careers began to evolve due to the care-
ful choices of the individual concerned. This is contrast to
a scientist working as a solitary investigator and largely ac-
cepting the directions and opportunities provided by a single
institution throughout a working life.
In preparing a celebratory symposium for Professor
Michael John Rycroft’s 80th birthday held in Bath in Novem-
ber 2018, it became clear that his career had spanned many
of these significant changes in scientific activity. The per-
spective that Rycroft’s career brings to understanding the
late 20th century and early 21st century scientist may there-
fore have wider value; hence, the discussions and presenta-
tions from his birthday symposium have been further dis-
tilled here by some of the original contributors. In doing this,
it is hoped to provide some insight into the basis for choices
which are now commonly made by scientists at key points
in their working life, whilst also providing a summary of the
successful career of a generous and widely respected individ-
ual who remains very active as a researcher in the space and
atmospheric sciences.
2 Education – scientific training at Cambridge
Following a first degree in physics at Imperial College Lon-
don, Michael Rycroft was amongst the first cohort of post-
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graduate students to arrive at the newly founded Churchill
College in Cambridge in 1960. He was registered with
the university for a PhD in the Meteorological Physics
Group at the Cavendish Laboratory under the supervision of
Dr. Thomas W. (Will) Wormell.
2.1 Meteorological physics at Cambridge before 1960
Atmospheric physics, or meteorological physics as the
research group was named, at Cambridge, had a long
and distinguished history, mainly due to the influence of
Charles Thomas Rees Wilson (who was always known as
“CTR”). CTR’s career was dominated by a fascination with
atmospheric science and, in particular, atmospheric electric-
ity, which had been triggered by a 2-week stay at Ben Nevis
Observatory in 1894. The cloud chamber, which earned CTR
the 1927 Nobel Prize, was an attempt to recreate phenomena
he had seen on Ben Nevis. Despite the significance of the
cloud chamber for particle physics and the huge research ef-
fort it triggered at Cambridge and elsewhere, CTR worked
exclusively on atmospheric electricity for the rest of his long
life, between Cambridge’s Cavendish Laboratory and its So-
lar Physics Observatory located west of the town centre on
Madingley Road (Harrison, 2011). Even by the standards
of the time, CTR had relatively few co-workers, due to his
“shy and very modest” personality (Dee and Wormell, 1963).
Philip Dee, one of his few postgraduate students, even sug-
gested that CTR had moved to the observatory: “nominally,
he always claimed, to get away from the radioactive contam-
ination in the Cavendish, but I suspect in order to live in a
quieter atmosphere” (Dee, 1971). This meant that CTR’s re-
search programme developed relatively slowly at Cambridge.
An Indian student, Prasanta Chandra Malhanobis, was re-
cruited before the onset of World War I but was in India
when war broke out and never returned. CTR’s next PhD
student was Wormell, taken on about the same time as Cecil
Powell in 1925; Wormell “started on some experiments on
thunderstorms in which Wilson had been interested for many
years. . . ” (Powell, undated; reproduced in 1987), obtaining
his PhD on the electrical properties of rain in 1929 (Wormell,
1929). (A student contemporary of Wormell at Cambridge,
John Alan Chalmers, began similar experiments at Durham
after his own PhD, establishing a strong and enduring base
for atmospheric electricity in the North of England (Aplin,
2018).)
Wormell worked at the Solar Physics Observatory for
many years and developed broad interests in atmospheric
physics, before becoming university lecturer in meteorolog-
ical physics at the Cavendish Laboratory in 1950 (Longair,
2016). It was this research group, at that time with around
six members, that Michael Rycroft joined in 1960. Rycroft’s
colleagues included Desmond Walshaw, a senior researcher
in atmospheric infrared absorption, who supervised students
Clive Rodgers and David Wardle (Clive Rodgers, personal
communication, 2019; Longair, 2016), and another PhD stu-
dent, John Law, who was working on atmospheric elec-
tricity in the boundary layer. In addition, there was ac-
tive collaboration on radio work with Kenneth Budden and
Phillip C. Clemmow and their students after the departure of
John A. Ratcliffe (out of whose group the famous radio as-
tronomy activity at Cambridge under Martin Ryle ultimately
grew) (Longair, 2016) to the Department of Scientific and In-
dustrial Research (DSIR) Radio and Space Research Station
at Slough.
2.2 Measuring the Schumann resonances
Michael Rycroft joined the Cavendish Laboratory at a time
when the old “sealing wax and string” tradition was very
much in evidence1 but also when technologies such as the
digital computer and early satellite experiments were rapidly
developing. This combination of experimental and compu-
tational work is fully reflected in his thesis, entitled “Low
frequency disturbances of natural origin of the electric and
magnetic field of the earth” (Rycroft, 1964).
The background to this research project was the theoreti-
cal prediction by Otto Schumann that the Earth and the top of
the atmosphere could act as a waveguide for low-frequency
radio waves produced by thunderstorms (Schumann, 1952).
Schumann’s student Herbert König aimed to confirm the the-
oretical prediction of his mentor (e.g. Schumann and König,
1954), but his results were not accepted by the establish-
ment as reliable detections, possibly as a result of the nar-
rowband character of the experimental capability available
at the time, similar to Polk and Fitchen’s (1962) early mea-
surements. So it was left to Balser and Wagner (1960) to be-
come the first to detect Earth–ionosphere cavity resonances
reliably, with their results quickly confirmed by numerous
groups (Fournier, 1960; Lokken et al., 1961; Benoit and
Houri, 1961; Jones, 1963; Rycroft, 1964) and discussed dur-
ing the seventh meeting of the Advisory Group for Aerospace
Research and Development (AGARD) Ionospheric Research
Committee in Munich in 1962 (Blackband, 1964).
Ultimately, Rycroft detected the Schumann resonances us-
ing a valve-based extremely low-frequency (ELF) receiver,
from which signals were self-recorded by filming the trace
on a cathode ray oscilloscope, and using a device made from
Meccano and deploying a clock motor, a gramophone mo-
tor, and a car headlight bulb to digitise this waveform onto
punched paper tape (Rycroft, 1964; Rycroft and Wormell,
1964). The measurements were taken close to a hut known
as “Wilson’s hut” (Fig. 1) located off Madingley Road, west
of Cambridge:
1Sealing wax was actually used in the Cavendish meteorologi-
cal physics group to ensure waterproofing when flying photographic
plates on weather balloons to search for high-energy particles pro-
duced by or accelerated in thunderclouds (Macky, 1933). This had
been one of CTR Wilson’s many forward-thinking ideas in atmo-
spheric electricity.
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Figure 1. Wilson’s early hut (reproduced with permission from
Wilson, 1916).
Wilson’s green painted hut was in the middle of
an open field when I did my PhD, using as an
aerial the telephone line connected to the said
hut. Nowadays that is where the Cavendish lab
is. (Michael J. Rycroft, personal communication,
2016)
Considerable effort was required to identify and remove
anthropogenic signals such as the power grid at 50 Hz and
Morse code transmitted by the Rugby long-wave radio sta-
tion (GBR) at 16 kHz as well as natural signals of local ori-
gin such as those generated by the wind-excited oscillations
of the aerial in the local atmospheric electric field (Rycroft,
1964). The autocovariance function and the power spec-
tral density of the ELF signal were computed (Swinnerton-
Dyer, 1963) from the digitised signals using Cambridge’s
EDSAC 2 computer to identify the characteristic Schumann
resonance signals at 8, 14, and 20 counts per second (c/s;
now termed Hz). What we might now call “space weather
events” were also detected in the form of “hiss” and “cho-
rus” for the sudden commencement of a magnetic storm on
27 September 1963. His thesis demonstrates that Rycroft
was always ready to exploit the available modern technol-
ogy whilst remaining fully grounded in the strong and rigor-
ous Cavendish Laboratory scientific tradition. This approach
continued throughout his career.
Rycroft attended a course on “Geophysics: the Earth’s En-
vironment” at the Les Houches Summer School of Theo-
retical Physics in 1962. Here he met John R. Spreiter of
the NASA Ames Research Center in California. This led to
Rycroft joining Spreiter’s group there as a NAS/NRC post-
doctoral research associate early in 1964. His impressions
of this time are outlined in Rycroft (2020). He then spent
the 1965–1966 academic year in the space research group
of James W. Dungey at Imperial College London. Much of
his research there was on the plasmapause and on Alouette I
observations of the topside ionosphere, carried out in collab-
oration with John O. Thomas.
3 University of Southampton (1966–1979)
Rycroft was appointed lecturer at the University of
Southampton in 1966. During the next 13 years he had a
continuous line of students and postdoctoral researchers who
were important experimental collaborators in his research us-
ing ELF (3 Hz to 3 kHz) and VLF (very low frequency; 3
to 30 kHz) radio waves. In Fig. 2, the metal structure visi-
ble behind the group is Rycroft’s VLF aerial before it was
put on the roof. He established a VLF receiver on the island
of South Uist in the Outer Hebrides. There, he observed a
burst of X-rays on a rocket launched from the island, due to
precipitating electrons from the magnetosphere coincident in
time with a half-hop whistler; he interpreted this as being due
to a cyclotron resonance interaction between whistler-mode
waves and energetic electrons at the geomagnetic equator
(Rycroft, 1973). In collaboration with Tom R. Kaiser’s group
at Sheffield University, his group also conducted Petrel and
Skylark rocket launches from the Hebrides and from Kiruna,
Sweden, to observe the strength and polarisation of naturally
occurring VLF radio signals in the lower ionosphere.
Fieldwork was an important aspect of Rycroft’s approach
at this time, taking him to many places (Fig. 3). He carried
out ground-based observations of VLF signals and whistler-
mode emissions in Iceland in 1969 with a group of six recent
graduates (Reeve and Rycroft, 1971) as well as with gradu-
ate students at Tromsø (Norway), Kiruna (Sweden), and So-
dankylä (Finland). From time to time, Turunen et al. (1980)
heard snatches of the tune Midnight in Moscow being broad-
cast from the lower ionosphere; this was explained as be-
ing due to non-linear phenomena there induced by power-
ful radio transmitters across the Soviet Union just before the
hour UT (universal time). His group made VLF observations
using direction-finding (goniometer) receivers in Newfound-
land during the solar eclipse of 7 March 1970 (Reeve and
Rycroft, 1972) and in eastern Canada in association with the
total solar eclipse of 10 July 1972. Such observations were
also made in Alaska when a barium release from a large
rocket injected ions into the magnetosphere. He had a sabbat-
ical, as a visiting professor at the University of Houston for
the 1974–1975 academic year, whilst W. Robert (Bob) Shel-
don was pursuing research on Kerguelen Island.
Those who worked with Rycroft have described their time
at Southampton as being strongly and positively influenced
by him. His infectious enthusiasm was a key attribute that
gave his Space Radiophysics Group a “can-do” attitude, even
when there were difficulties. All agreed that a huge benefit to
their careers was the fact that Michael encouraged them to
take responsibility at a very early stage. He also went out of
his way to introduce his students to the relevant contacts at
conferences, and, as his publication list proves, he made sure
that they had due credit in the authorship of papers. With
colleagues in the geology and oceanography departments as
well as in physics, Rycroft was instrumental in setting up a
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Figure 2. Southampton University Physics Department, circa 1967. Rycroft is seated in the front row, fourth from the right. Reproduced
with permission of the current head of department, Prof. Mark Sullivan.
Figure 3. Michael Rycroft checking a magnetometer on a field
trip in Devon, on a hot day in July 1977. Photo provided by
Prof. Mark Saunders.
geophysical sciences degree at Southampton, which is still
successfully recruiting undergraduate students.
During his time at Southampton, Rycroft was shortlisted
to become one of the five British candidates for the po-
sition of payload specialist (scientist–astronaut) aboard the
first Spacelab flight in 1977. Although this adventure was
not to be, it acted as an inspiration for Mark Saunders, who
had been one of the early cohort of students in Southamp-
ton’s geophysical sciences degree as well as Rycroft’s tutee
and a final year project student with him. Saunders chose to
do a PhD in space physics and subsequently applied to be-
come the first British astronaut in 1989, when Helen Shar-
man was selected. He sums up the qualities that encapsulate
Rycroft’s time at Southampton; they are echoed by all of his
ex-students who were contacted for the preparation of this
article. All agreed that he was an inspiration to young sci-
entists, a great organiser and enabler, as well as a gentleman
and a diplomat.
The evolution of Rycroft’s research is mirrored in the fast-
changing technology including space exploration that was
burgeoning in the first decades of the “space age”. During
the 1970s and 1980s, Rycroft began a continuous string of
publications in “News and Views” in Nature (e.g. Rycroft,
1977, 1982). These perhaps followed naturally from his well-
known ability at Southampton (and subsequently) to make
copious notes summarising every research presentation and
then ask an insightful question. These articles make enjoy-
able reading and remain instructive today; they are wide
ranging, informative, and perceptive about the future of the
field. Further, during the 1970s, he was an editor of the an-
nual COSPAR (Committee on Space Research) volume on
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space research results from around the world and a member
of the Science Research Council Solar System Committee.
4 British Antarctic Survey (1979–1990)
Rycroft left Southampton to become head of the Atmo-
spheric Sciences Division at the British Antarctic Survey
(BAS) in Cambridge in 1979; following the expansion of
BAS after the Falklands conflict, he was appointed head of
the Upper Atmospheric Sciences Division in 1987. There,
groups made observations of the neutral atmosphere and
studied the plasma environment above. Rycroft is reported
to have brought more emphasis and breadth of research, a
wider perspective, and a collaborative approach, seeing his
responsibility as a senior scientist to ensure the institution’s
reputation was enhanced by good research. For example, a
report from the Neutral Atmosphere Advisory Panel in 1984
welcomed his “aim to continue the change from a largely
observational approach to a more experimental and analyti-
cal approach. . . ” (Richard Horne, personal communication,
2018). He encouraged publication in the BAS annual report
of the observed warming trend in the Antarctic Peninsula.
Rycroft recognised the immense significance of the ozone
hole’s discovery by BAS scientists and sought to ensure it
was correct before publication (Farman et al., 1985; Far-
man, 2010). Rycroft then championed the work, playing a
full role in publicising the ozone hole (e.g. he delivered in-
vited lectures to the Royal Geographical Society and to the
Scientific Committee on Antarctic Research, SCAR, general
assemblies) and other findings from his colleagues, particu-
larly through SCAR and his Nature “News and Views” pieces
(discussed in Sect. 3). He was elected a member of the In-
ternational Academy of Astronautics in 1985. He also en-
couraged participation in the NASA Global Geospace Sci-
ence mission entitled Origin of Plasmas in the Earth’s Neigh-
bourhood (OPEN), with the OPEN SESAME (Satellite Ex-
periments Simultaneous with Antarctic Measurements) pro-
posal. Despite Rycroft’s ability to come up with acronyms
for many projects, his late colleague Dyfrig Jones thought
up that acronym. With David Shapland, he wrote “Spacelab:
Research in Earth Orbit”, published by Cambridge Univer-
sity Press (CUP) in 1984. He organised an international con-
ference in Cambridge in 1986 on Atmospheric Studies by
Optical Methods and another, in 1988, on Auroral Physics.
From 1988 to 1990 he was an editor of the journal Antarctic
Science.
Rycroft’s first visit to Antarctica was in 1981, and he
visited several bases run by the UK, USA, Argentina, and
Poland. He comments on the USA’s Palmer station were
that it was a “huge base with many empty labs, think what
BAS could do with the facilities there”. He was less com-
plementary about the UK’s stations, advising for Halley that
“Better hot water system needed so that showers can be had
more often than weekly” and for Faraday that “Excessive
quantity of alcohol consumed; drinking started before 11am”
(Richard Horne, personal communication, 2018). It is not
known whether this note originated as a personal memo.
During Rycroft’s time at BAS, the Falklands conflict led to
the development of upper atmosphere research, including six
new appointments in 1983–1984 of which two were perma-
nent. Under Rycroft’s leadership there were many scientific
developments, new links with UK universities, international
collaborations, and a huge increase in the number of pub-
lications. Valuable work was conducted on planetary radio
emissions, very low-frequency radio waves, and magneto-
spheric wave–particle interactions. New projects and collab-
orations included new distributed geophysical observatories,
the advanced ionospheric sounder, and the Halley Auroral
Radar Experiment (HARE) project for ionospheric convec-
tion, which was the forerunner of the SuperDARN (Super
Dual Auroral Radar Network) radar. He is remembered by
colleagues as being always kind and encouraging, and with
a genuine love for research, communication, and collabora-
tion.
5 Cranfield and the International Space University
(1990s)
Rycroft spent 4 years as professor of aerospace at Cranfield
University; soon after he arrived there the Cambridge Ency-
clopedia of Space, which he edited, was published. He partic-
ularly encouraged the staff involved with the astronautics and
space engineering MSc degree, and supervised the projects
of several students; Paul Craven took a PhD degree under his
supervision modelling the damage to DNA done by radiation
in space. At this time he worked with David Nunn (Electron-
ics Department of Southampton University), Viktor Trakht-
engerts (Institute of Applied Sciences, Nizhny Novgorod,
Russia), and Tauno Turunen and Jyrki Manninen (Sodankylä
Geophysical University, Finland) to investigate, both exper-
imentally and theoretically, triggered VLF radio emissions
with INTAS and NATO financial support. Besides several
papers on the generation mechanisms for ELF/VLF radio
emissions and a CUP monograph with Trakhtengerts, this
led to the popular VLF/ELF Remote Sensing of Ionospheres
and Magnetospheres (VERSIM) meetings organised jointly
by the International Union of Radio Science (URSI) and the
International Association of Geomagnetism and Aeronomy
(IAGA). He was an active editor for the Cambridge Univer-
sity Press series in atmospheric and space science, topics in
remote sensing, and for aerospace.
In January 1995 he became full-time resident head of
the School of Sciences and Applications at the new Inter-
national Space University (ISU) Central Campus in Stras-
bourg, France. He worked with the head of the schools of
management/social sciences and of engineering/technology,
to design the detailed programme and the practical imple-
mentation and delivery of the “Master of Space Studies”
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(MSS) course, a brand new and original programme from
the ISU. This was a true challenge, as this type of inter-
national, intercultural and interdisciplinary programme was
totally new. The pedagogical challenge was also consider-
able, as the backgrounds of the attending students were ex-
tremely broad ranging from science, engineering, and com-
puter sciences to economics, management, humanities, archi-
tecture, policy, and law. Rycroft delivered a paper at the 1996
COSPAR meeting held in Birmingham, UK, on the MSS pro-
gramme. Together with Alice Houston, he edited the MSS
core text entitled “Keys to Space”; with Giancarlo Genta,
he wrote “Space: the Final Frontier?”. He also edited sev-
eral books arising from the annual symposium arranged for
MSS students. The MSS programme started successfully and
is still popular over 20 years later.
In addition to running the MSS course, Rycroft was ap-
pointed director of research, which involved organising the
research at ISU; he was fortunate to have Mengu Cho as a
teaching associate for the MSS course from 1995 to 1996,
and they wrote a few research papers together. He also con-
tributed to the delivery of other ISU programmes, such as
the “Space Studies Programme” taught during the summer.
Rycroft’s own interdisciplinary and collaborative approach
was well suited to space science, which came out clearly in
his comments at that time:
The field of space science is vast, ranging from as-
tronomy to zoology and encompassing my own in-
terests in solar–terrestrial physics and atmospheric
science. The number of space applications grows
apace, with the areas of remote sensing of the
Earth’s environment and telecommunications be-
ing especially vigorous. By its very nature, space
is a global subject, international and interdisci-
plinary in scope. I believe not only that this course
is greatly needed, but also that its graduates will
find rewarding and worthwhile careers. . . (Rycroft,
1995)
He was elected a member of Academia Europaea and
awarded an honorary Doctorate of Science by De Montfort
University in Leicester in 1998.
6 “Retirement” and career summary
6.1 Key publications
Rycroft’s large body of publications can be regarded as hav-
ing occurred in two major phases: the first, during the em-
ployed period of his career, concerning low-frequency radio
waves in the atmosphere; and the second, following retire-
ment, on the global atmospheric electric circuit (or “global
circuit”). This is particularly evident from analysis of the ti-
tles of papers he co-authored, if the two phases are approx-
imately regarded as being between 1960–1990 and 1991–
2018 (Fig. 4).
The clear difference in the nature of these two phases of
Rycroft’s scientific publications can be seen by considering
his annual publication rate and the rate at which his papers
were cited by others (Fig. 5). Whilst some years were partic-
ularly productive, such as 2008, the citation information in-
dicates a significant change in the use of his work from about
2000. One paper which has been particularly well cited is
the paper co-authored with Sven Israelsson and Colin Price
on the global circuit in 2000 for the Golden Jubilee edition
of the Journal of Atmospheric and Terrestrial Physics (now
the Journal of Atmospheric and Solar-Terrestrial Physics,
JASTP), for which Rycroft served as editor from 1989 to
1999.
The paper by Rycroft et al. (2000), entitled “The global at-
mospheric electric circuit, solar activity and climate change”,
did much to provide a modern and citable reference on the
global circuit. Its success was probably helped by the fact
that there were few up-to-date review articles on the topic
available, and the classic atmospheric electricity textbooks
of the 1960s and 1970s were becoming more difficult to ob-
tain in the era before widespread internet access to library
resources. In addition, the paper’s strong conceptual diagram
(Fig. 6) may well have played a significant role. The signifi-
cance of Rycroft et al. (2000) can probably be linked to two
important aspects: first, the paper firmly linked atmospheric
electricity with solar activity, and secondly, with climate. It
also included consideration of upper atmosphere discharges
– sprites – which are still of interest today, but they were par-
ticularly fashionable at the time of publication.
The relationship between atmospheric electricity and so-
lar studies had hitherto had a chequered history with work
of variable quality, and solar–terrestrial links to the lower
atmosphere were widely dismissed. Indeed, it is probably
reasonable to say that the future of the whole topic of at-
mospheric electricity was then seen very differently between
those working on the then separate fields of thunderstorms
and “fair weather” atmospheric electricity, partly because of
the solar aspects considered to be potentially damaging to the
latter and, by implication, to the former. Rycroft et al. (2000)
also firmly linked the ideas of atmospheric electricity with
climate and the then emerging topic of climate change, which
few prior studies had linked explicitly (an exception is Harri-
son, 1997). For this, the possible use of Schumann resonance
(Williams, 1992) or the global circuit (Price, 1993) to pro-
vide information on global temperature offered ideas which
were then developed by Rycroft et al. (2000) into regarding
the global circuit as an integrated Earth system framework
responding to climate change.
6.2 Scientific networks
An example of the sort of activity that became possible in
the 1990s is the SPECIAL (Space Processes and Electri-
cal Changes Influencing Atmospheric Layers) network. This
was an European Science Foundation (ESF) scientific net-
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Figure 4. The most popular 50 words from Rycroft paper titles (a) 1964–1990 and (b) 1991–2018, printed at a size proportional to their rate
of occurrence.
Figure 5. (a) Number of papers published annually, as author or co-author. (b) Annual number of citations of Rycroft’s papers. Plots created
in 2020 with data from Web of Science from 1970 to 2020; publications from 1964 to 1970 created manually from a list supplied by
Michael Rycroft; citation data before 1970 are unavailable.
work which ran from 1999 to 2004 and has provoked sev-
eral related training and other initiatives, some of which still
continue. Its importance was that it highlighted the need to
explore electrical linkages between different parts of the at-
mosphere, whilst recognising its holistic aspect (see Fig. 7).
Rycroft was one of the proposers of SPECIAL.
In seeking to couple the space and ionospheric environ-
ments with the lower atmosphere, which was becoming ever
more important because of the context provided by the emer-
gence of climate science, SPECIAL provided a range of top-
ics to which Rycroft was well positioned to contribute and
make the crucial links between individuals required. Such
scientific networks were and are largely self-organising in
terms of the content and scope of meetings and the invitees
chosen to contribute as well as in identifying and defining
detail of the scientific questions they address. Nevertheless,
it could be argued that they operate most effectively when
there is a modest amount of constructive leadership, suf-
ficiently enlightened that it is properly respected and sup-
ported by the members of the network but not so overbearing
that it generates resentment. Rycroft was particularly well
suited to making such networks successful, largely through
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Figure 6. Global circuit concept diagram (from Rycroft et al., 2000).
Figure 7. Concept diagram for topics in the SPECIAL network
(from Rycroft and Füllekrug, 2004).
the catalysis provided by deep and extensive knowledge con-
structively offered with kindness, modesty, and warmth. His
awareness of scientists working in related areas, obtained
through his dedicated and long-standing journal editorships
of the JASTP and then of Surveys in Geophysics, and through
his founder membership of the European Geophysical Soci-
ety (EGS; now the European Geophysical Union, EGU) and
his role as general secretary of the EGS from 1996 to 2003,
undoubtedly played a further role. Therefore, it is no surprise
that his contribution to international scientific workshops and
networks continues (Fig. 8).
Figure 8. Discussing atmospheric electricity in the Negev Desert,
February 2017, whilst attending the “Batsheva de Rothschild Work-
shop on the Atmospheric Global Electric Circuit” at Mitzpe Ra-
mon. (Left to right: Giles Harrison, Keri Nicoll, Michael Rycroft,
Gabriela Sartori, and Hripsime Mkrtchyan.)
7 Discussion
As described above, Rycroft’s career started with Schumann
resonances, part of the “AC” atmospheric electrical system,
but progressively moved towards the “DC” global circuit
model. It is interesting to consider why this shift occurred,
as these topics are now regarded as closely related. When
Rycroft undertook his PhD, the relationships between thun-
derstorm and fair weather atmospheric electricity were cer-
tainly understood in principle, since CTR Wilson had pro-
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Figure 9. The Cavendish Laboratory atmospheric electricity “family tree”, highlighting the contribution of Michael Rycroft. The group
formed by Chalmers at Durham is described by Aplin (2018). Mike Pedder spent his career at Reading in the Department of Meteorology,
subsequently joined there by Anthony Illingworth after working at University of Manchester Institute of Science and Technology (UMIST).
John Law became a hospital health physicist.
vided the conceptual framework in the 1920s (Aplin et al.,
2008), but there was almost no formal study of the integrated
system, now known explicitly as the global circuit2. Rycroft
has devoted major effort following his retirement to work on
the global circuit. With hindsight, he clearly regarded this as
something that he could have done earlier:
During my PhD I didn’t think about the global
circuit at all, as I could have done if I’d been
more conscientious and not so focused on con-
firming the letter to Nature of Balser and Wag-
ner. (Michael J. Rycroft, personal communication,
2018)
Given the infancy of the global circuit then as a topic, it
would certainly have been a pioneering endeavour should he
have chosen to work more broadly.
2The term “global circuit” itself was not in general use un-
til around the end of the 1960s to early 1970s, (e.g. Ruhnke,
1969, and Mühleisen, 1976), with the previous terminology being
much less focused, e.g. “equivalent circuit” (Israël and Lahmeyer,
1948), “electrical balance sheet” (Chalmers, 1967), “Wilson circuit”
(Cobb, 1967), and the “classical picture of atmospheric electricity”
(Dolezalek, 1972).
Rycroft’s work on the global circuit reflects the opportu-
nities available from his wide international network of col-
laborators, and the changing fashion in science to bring to-
gether teams of co-workers, facilitated by the emerging op-
portunities presented by electronic communication. The in-
ternational team approach, in which the team’s networking
activity is funded i.e. travel, accommodation, and publishing,
rather than salaries, equipment or field work, has been par-
ticularly characterised by the European Science Foundation
(ESF), EU science through its COST Actions, and the Inter-
national Space Science Institute in Bern. The abundance of
such large collaborations reflects a major change in the prac-
tice of atmospheric science from the first phase of his work.
In his own words,
During my PhD. . . the idea of teams of people
didn’t exist, woefully. . . (Michael J. Rycroft, per-
sonal communication, 2018)
At the beginning of Rycroft’s career it was certainly true
that the leading scientists mainly worked alone or with
a few collaborators. In atmospheric science, collaboration
and discussion, beyond the strong culture of the depart-
mental tearoom, was very limited. For example, Rycroft
never met Chalmers, who led atmospheric electricity at
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Durham, and had been a contemporary of his supervi-
sor Wormell (Michael J. Rycroft, personal communication,
2018). Rycroft’s position in the development of UK atmo-
spheric electricity is summarised in Fig. 9, which lists his
predecessors, contemporaries, and research students.
Large science teams were relatively slow to emerge in
meteorology and atmospheric science, perhaps because of
the enduring opportunities for small-scale experimental work
provided by the ready availability of the outside world and
the rapid development of computing. This meant that the sub-
ject did not require international teams to make progress in
the way that particle physics and space science critically re-
quired. Eventually, collaborations between universities and
the Met Office (a leading centre of research then and now)
began to emerge from the 1990s onward. Technology has
also helped underpin a team-working approach, with much
scientific data now made routinely available via the inter-
net. Rycroft’s original scientific training was in the era of
the “solitary investigator”, but, despite this, as a strong-
willed individual leader he may have actually contributed
to the broader cultural change which has occurred through
his ability to see opportunities, using teamwork and effective
management, to facilitate scientific progress. Importantly, al-
though Rycroft was trained as an experimentalist, he has also
been greatly appreciative of the value of theory and mod-
elling, and therefore of a large portion of the modern sci-
entific world. Rycroft’s ability to generate catchy acronyms,
particularly useful in the days before web acronym gener-
ators, is also legendary and has usefully served to define
many a team (e.g. SPECIAL) or mechanism (e.g. ALICE;
Harrison et al., 2014). Over his career, his interests broad-
ened to large-scale, indeed global, problems in geophysics.
He always enjoyed making presentations at conferences or-
ganised by international bodies such as COSPAR, IUGG (In-
ternational Union of Geodesy and Geophysics; particularly
IAGA), URSI, the Scientific Committee on Solar–Terrestrial
Physics (SCOSTEP) and SCAR, by American Geophysical
Union (AGU) and EGS (now EGU), and by national bod-
ies such as the Royal Society, the Royal Astronomical Soci-
ety (RAS; especially Magnetosphere, Ionosphere and Solar-
Terrestrial, MIST, meetings), the Institute of Physics (Envi-
ronmental Physics Group, founded by Sir Hermann Bondi,
and as a member of its first organising committee), and
the Institute of Mathematics and its Applications (IMA). At
some time, he was a member of the COSPAR and SCOSTEP
bureaus and of the RAS and IMA councils.
In summary, Rycroft’s career provides a useful exemplar
of one of the first to span the space age. It also demonstrates
an evolution in the range of ways of working, exemplify-
ing and perhaps contributing to the transition between the
lone investigator model, as practised at the Cavendish Lab-
oratory in the first half of the 20th century, and the modern
team working scientist, who may well have moved between
multiple institutions and roles across universities, the pub-
lic sector, and through and between research, academia, and
senior management. Above all, analysing this particular ca-
reer brings out the value of supporting and encouraging col-
leagues with different interests to pursue their scientific en-
deavours for the greater good of humanity.
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